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Abstract

Expectations for physicians are rapidly changing, as is the environment in which they
will practice. In response, preclerkship medical education curricula are adapting to
meet these demands, often by reducing the time for foundational sciences. This de-
scriptive study compares preclerkship pharmacology education curricular practices
from seven allopathic medical schools across the United States. We compare fac-
tors and practices that affect how pharmacology is integrated into the undergraduate
medical education curriculum, including teaching techniques, resources, time allo-
cated to pharmacology teaching, and assessment strategies. We use data from seven
medical schools in the United States, along with results from a literature survey, to
inform the strengths and weaknesses of various approaches and to raise important
questions that can guide future research regarding integration of foundational sci-
ences in medical school and health professions’ curricula. In this comparative study,
we found that there is significant heterogeneity in the number of hours dedicated to
pharmacology in the preclerkship curriculum, whereas there was concordance in the
use of active learning pedagogies for content delivery. Applying the ICAP (Interactive,
Constructive, Active, Passive) Framework for cognitive engagement, our data showed
that pharmacology was presented using more highly engaging pedagogies during ses-
sions that are integrated with other foundational sciences. These findings can serve
as a model that can be applied beyond pharmacology to other foundational sciences

such as genetics, pathology, microbiology, biochemistry, etc.
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INTRODUCTION

Institutional emphasis on accreditation standards, coupled with
evidence from educational and cognitive psychology literature,
is driving dramatic changes to undergraduate medical education
(UME) curricula across the United States and worldwide.» The last
decade has seen shifts in medical education designed to prepare fu-
ture physicians as life-long learners who will deliver cost-effective
care in teams, using electronically available facts to improve the
healthcare system‘3 For years, disciplines such as pharmacology
had their own discipline-specific course in the UME curriculum.
Now, however, basic science disciplines are integrated into organ-
system blocks of instruction as longitudinal threads within the pre-
clerkship curriculum.*=8 This restructuring has occurred along with
curricular changes aimed at providing earlier exposure to patient
care, integration of health systems sciences, incorporation of more
team-based learning activities, adoption of competency-based as-
sessment practices and a greater emphasis on use of new technol-
ogies. While many courses are highly integrated, integration at the
individual session level is variable, and there is a paucity of data
available.

Medical education pedagogies are increasingly guided by find-
ings from experimental studies on student learning from the medical
education and psychology literature.”*2 Didactic content delivery
occurs in ways that use technology to enable asynchronous con-
tent delivery and allow the learner to control pace, timing, and
learning sequence. Sessions are intentionally built around cognitive
theories and, as such, many sessions include active learning strat-
egies such as team-based learning (TBL), problem-based learning
(PBL), case-based learning (CBL), and simulations, which provide
opportunities for students to apply what they have learned.” The
ICAP framework for cognitive engagement can be used to catego-
rize educational pedagogies as Interactive, Constructive, Active, or
Eassive.13 In modern medical curricula, these pedagogies co-exist,
permitting a variety of individual learning styles among a singular
student body.***® Problematically, there is little guidance for faculty
on which approaches are best suited for specific types of activities
that have varying degrees of integration with other foundational and
clinical sciences.

Despite many published examples of both integrated curricula
and educational strategies, there is a dichotomy in the existing lit-
erature. Existing studies tend to either describe the entire curric-
ulum broadly (AAMC Curriculum Survey, https://www.aamc.org/
data-reports/curriculum-reports/report/curriculum-reports), or
they describe singular, narrowly focused interventions. This can
make it difficult for content-expert instructors, who are responsi-
ble for weaving content throughout the curriculum, to determine
pedagogies suitable for the desired level of cognitive engagement
at the session level. There is a paucity of data describing phar-
macology content integration throughout the UME curriculum.
Thus, when taken together, with the prominent role pharmacol-

ogy knowledge plays in clinical clerkships, there is a clear need

to understand how to optimally deliver pharmacology content to
medical students that leads to durable long-term retention and
recall.*®

Our multi-institutional collaborative comprised faculty from
seven allopathic medical schools in the United States and was aimed
at identifying elements of curricular integration that contribute to
effective pharmacology education within the preclerkship curricu-
lum. In this descriptive study, we detail trends observed at our own
institutions for pharmacology instruction in the preclerkship medi-
cal curriculum and contextualize those trends in the literature that
currently exists for this type of collaborative work. We apply the
ICAP framework to the most-commonly utilized pharmacology ped-
agogies and compare the level of cognitive engagement required
from students in dedicated pharmacology sessions versus integrated
sessions that include pharmacology. This descriptive work will be
useful for other pharmacology content experts as they engage in
curriculum design and reform, and it may serve as a model for other
foundational science content experts to develop similar collabora-

tives and studies.

2 | MATERIALS AND METHODS

2.1 | Literature survey for preclerkship
pharmacology curricula

We conducted a PubMed search in 2020 with the assistance of the
Medical Library at Dell Medical School at the University of Texas at
Austin. We identified 326 papers using the following search strategy
which incorporated keywords/phrases and MeSH terms:

(((("Education, Medical, Undergraduate"[Mesh]) OR "Schools,
Medical"[Mesh]) OR "Students, Medical"'[Mesh])) OR ("medical
school"[Title/Abstract] OR "medical schools"[Title/Abstract] OR
"medical student"[Title/Abstract] OR "medical students"[Title/
Abstract]) AND (curriculum[Title/Abstract] OR curricula[Title/
Abstract] OR curriculum[MeSH Terms])) AND ((pharmacology[MeSH
Major Topic]) OR pharmacology[Title/Abstract]))) OR (((("Education,
Medical, Undergraduate"[Mesh]) OR "Schools, Medical"[Mesh])
OR "Students, Medical"[Mesh])) OR ("medical school"[Title/
Abstract] OR "medical schools"[Title/Abstract] OR "medical stu-
dent"[Title/Abstract] OR "medical students"[Title/Abstract]))) AND
"Pharmacology/education"[Mesh]) Filters: Publication date from
2000/01/01 to 2020/09/29; English.

From these 326 papers, we excluded descriptions of pharma-
cology instruction beyond the preclerkship year(s) and descriptions
of instruction in non-medical allied health professions’ programs.
Based on this exclusion criteria, we reviewed 132 papers describing
pharmacology education in the preclerkship curriculum of medical
schools. We excluded studies describing singular learning events or
course interventions and were left with 24 papers, that contained
detailed descriptions of pharmacology curriculum in the preclerk-

ship setting.


https://www.aamc.org/data-reports/curriculum-reports/report/curriculum-reports
https://www.aamc.org/data-reports/curriculum-reports/report/curriculum-reports
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2.2 | Comparative curriculum inventory

All authors reviewed the preclerkship foundational sciences cur-
riculum at their respective institutions during academic year 2018-
2019. General properties of the foundational sciences curriculum
were captured, including length of preclerkship program, integra-
tion of curriculum, and timing of the national licensing exam USMLE
(United States Medical Licensing Exam, administered by the National
Board of Medical Examiners). In addition, pharmacology-specific
curricular elements were captured, including teaching hours and
pedagogies, discipline-specific assessment requirements, resources
available (i.e., textbooks, commercially available programs), etc. We
also collected information (hours and pedagogies) on sessions that
were dedicated exclusively to pharmacology and sessions where
pharmacology was integrated with other disciplines.

We defined pedagogies so that data were represented consis-
tently across the schools. For example, when we discussed Team-
Based Learning (TBL) as a pedagogy, we agreed to only count TBL
sessions that mostly follow the trademarked TBL® process with
individual readiness assurance tests (iRAT), group readiness as-

surance tests (gRAT), and application exercises that follow the 4S

model.”
2.3 | Application of cognitive
engagement framework

To determine whether levels of cognitive engagement varied be-
tween integrated sessions or sessions dedicated to pharmacology,
we assigned each pedagogy to a cognitive engagement category
of interactive, constructive, active, or passive, based on the ICAP
framework.™® We calculated a “score” for each category (interactive,
constructive, active, or passive) by tallying the number of pedago-
gies that are used in our curricula for each category (Figure 1 and
Table 2). We further parsed the scores by whether the pedagogy
was used in integrated pharmacology sessions or sessions dedicated

exclusively to pharmacology.

14

=
N~

-
S)

FIGURE 1 Distribution of reported
pharmacology pedagogies according

to the ICAP framework (I = Interactive,
C = Constructive, A = Active,

P = Passive®®). Categorizing the
pedagogical methods reported by the
different institutions in this study based
on the ICAP framework yields a model
for evaluating the level of active and o
interactive learning used in dedicated and

integrated pharmacology sessions
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3 | RESULTS

3.1 | Identification of key questions for
pharmacology curricular designers

To identify the key questions for our descriptive study, we searched
for detailed descriptions of incorporation of pharmacology within
integrated preclerkship curricula across medical schools. We con-
ducted a survey of the literature looking for works describing en-
tire pharmacology curricula in preclerkship medical programs. There
were only two dozen of such works, but many of these papers de-
scribed approaches to clinical therapeutics or pharmacogenomics
rather than basic pharmacology. There were five studies describ-
ing detailed curricular pharmacology trends in Australia, the UK,
Mexico, and Europe.lg’22 In reviewing these works, we noted differ-
ences among countries in overall curricular representation of phar-
macology and clinical therapeutics. We observed that there were
few details about the pedagogies used for teaching pharmacology,

BOX 1 Key questions for pharmacology curricular
designers

e How much pharmacology representation is required in
an integrated curriculum, and how is this distributed be-
tween sessions dedicated solely to pharmacology versus
sessions where pharmacology is integrated with other
disciplines?

o What pedagogies are best suited for pharmacology in-
struction in medical curricula? Does this vary at the ses-
sion level depending on whether the session is dedicated
to pharmacology or integrated with other disciplines?

e How can pharmacology-specific content be effectively
assessed across an integrated curriculum?

e What resources should be provided to students, includ-

ing during assessments?

——Dedicated

Integrated
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and even fewer details about assessment of pharmacology knowl-
edge. Finally, we noted that some countries have begun to provide
a standardized national drug list. This survey of the literature high-
lighted several key questions that need to be addressed when con-
sidering pharmacology curricular design (Box 1).

3.2 | Multi-institutional pharmacology
curriculum inventory

Importantly, during our literature survey, we noted that there was no
singular, multi-institutional study describing the pharmacology cur-
ricula at allopathic medical programs in the United States. To answer
some of these key questions we identified in Box 1, we created a de-
tailed, comparative curriculum inventory (Table 1). This inventory is
a multi-institutional analysis of pharmacology curricula in US medi-
cal schools. This inventory was discussed by the authors in monthly
collaborative video meetings until consensus was reached that the
most important aspects of each pharmacology curriculum were cap-
tured, and the key questions from Box 1 were addressed. Specific
definitions for the pedagogies described in the inventory are listed
separately (Table 2).

The length of the preclerkship component of the medical
school curriculum varies widely among our institutions (ranging

from 11 to 24 months), as does the size of our classes (ranging
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from 50 to 180 students/class). Despite these differences, there
are clear areas of concordance. For example, every institution in
this study has an integrated curriculum and uses several different
active learning teaching methodologies framed within a clinical
context to deliver pharmacology content. This is not surprising,
given the trend toward increased curricular integration of basic
and clinical sciences, and the fact that pharmacology naturally fits
into case-centric active learning exercises. We also discovered
many commonalities in pharmacology texts and recommended
question banks (Table 1).

Although each school follows an integrated curriculum map,
we found that each school also had some pharmacology sessions
that were integrated with other disciplines (integrated), and other
pharmacology sessions that were dedicated entirely to pharmacol-
ogy (dedicated). The number of sessions dedicated to pharmacol-
ogy varied significantly between our institutions (ranging from 10
to 85 sessions with an average of 57 sessions), as did the number
of integrated pharmacology sessions (ranging from 14 to 112 ses-
sions with an average of 52 sessions). In total, we have an average of
109 sessions tagged to pharmacology in our preclerkship curricula,
fairly evenly split between dedicated and integrated pharmacology
sessions.

Another prominent difference among our institutions is how
pharmacology content is represented on assessments, and how

pharmacology performance on assessments is tracked. The

TABLE 2 Definitions of the pedagogical techniques employed at the institutions in this study

Teaching technique/

strategy Definition

Individual asynchronous,
not facilitated

Lecture

Games

Small group, not facilitated

Small group, facilitated

PBL

TBL

Application-based learning
exercises (ABLE)

Blended learning

Simulation

Provided or curated by pharmacology educator:

video, click-through powerpoints, podcasts,
pre-reading etc.

Live lectures provided by pharmacology
content experts.

Competition-based application events.

<12 students without faculty facilitator
<12 students with faculty facilitator

Small group problem-based learning sessions
following the classic descriptions>®

Large group team-based learning with iRAT/
tRAT, application exercises following 4S
models®*

May be case-based session or other type
of application-based learning that does
not ascribe to PBL/TBL definitions. May
or may not have an individual/team quiz
component. Large group.

Any combination of one individual
asynchronous event with one ABLE event.

Includes use of computer-controlled
mannequin, standardized patients or both.

3| = Interactive, C = Constructive, A = Active, P = Passive.’®

ICAP?
Examples designation
Instructor-created videos or podcasts, reading P
assignments, third-party content
Traditional didactic lectures with or without P
audience response questions
Jeopardy!®, Kahoot® A
Patient-oriented problem-solving (POPS), self- |
directed learning groups
Case-based learning in small groups with pre- C
defined objectives
Case-based learning in small groups without |
pre-defined objectives
Team-based learning in large groups C
Clinical vignette style questions presented A
in large group discussion format; TBL
application exercise without readiness
assignments or assessments
A
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percentage of pharmacology questions on summative exams in
organ system courses ranged from 8% to 25%, which is somewhat
consistent with the representation of pharmacology in national
USMLE Step 1 exams (16%-23%) (https://www.usmle.org/step-
1/#content-outlines). Our data agrees with previously published
work that pharmacology representation on assessments can have
a powerful effect on student perceptions and behavior regarding
studying and valuing pharmacology.?® Tracking pharmacology per-
formance across assessments differs dramatically among our insti-
tutions. Among our working group of seven medical schools, 57%
track pharmacology performance across foundational science
exams longitudinally, but longitudinal pharmacology competency
is only required at 29% of our schools and recommended at an
additional 14%.

Another interesting finding that represents a large change in
pharmacology education, is that over 85% of the faculty authoring
this perspective had primary appointments as educators.?* This
emphasizes the shift that has occurred in institutions, from teach-
ing as part of the responsibilities of a researcher, to one in which
the faculty member is not only an expert in the subject but also
in pedagogy. The role of these primary educators to function as
a liaison between clinical faculty and learners is invaluable in an
integrated curriculum; they help to connect clinical faculty ed-
ucators to sessions relevant to their specific areas of expertise,
and they work collaboratively with clinical faculty to write higher-
order assessment questions. This change in the fundamental roles
of pharmacology educators is not trivial and may have profound
effects on the ability to effectively deliver active learning-based
sessions.?® The designation of a foundational biomedical sciences
educator comes with the expectation that the faculty member is
active in professional development, including conference atten-

dance and scholarly activity.

3.3 | Integrated sessions have higher levels of
cognitive engagement

Integrated curricula contextualize learning in such a way that stu-
dents are more engaged with foundational science content and
learners’ cognitive outcomes are improved, but it is unclear whether
this trend persists down to integration at the session level.>?
Because we identified an even split between sessions dedicated
entirely to pharmacology (dedicated) and sessions where pharma-
cology is integrated with other disciplines (integrated), we wanted
to determine whether more cognitively engaging pedagogies were
used in our integrated pharmacology sessions as compared to our
dedicated pharmacology sessions.

To that end, we applied the ICAP Framework to our described
pedagogies, assigning each pedagogy to a specific category of cog-
nitive engagement: interactive, constructive, active, and passive
(Table 2). Interactive pedagogies involve dialoging, where students
“co-infer” with peers to develop knowledge that neither partner
knew previously. Constructive pedagogies are also generating,

where new knowledge is created through inferring, comparing and
contrasting, and the like, just beyond what was previously encoded.
These pedagogies do not require a group setting, and they may not
be as highly generating as interactive pedagogies. Active pedagogies
involve manipulating information, where existing knowledge is inte-
grated and emphasized. Finally, passive pedagogies are those that
involve isolated storing of information.

To adapt our reported pedagogies to the ICAP framework, we
tallied the number of times that each specific category of cognitive
engagement was represented in the teaching pedagogies listed for
dedicated or integrated pharmacology sessions to create a “score”
for each category of cognitive engagement. We found that dedicated
pharmacology sessions are higher in passive and active pedagogies,
where integrated sessions are higher in interactive and constructive

pedagogies (Figure 1).

4 | DISCUSSION

Herein we have described our efforts to identify trends in curricu-
lar design of pharmacology content across seven allopathic medical
schools in the United States. Based on our individual institutional
practices and literature review, four themes became apparent: the
value of dedicated pharmacology educators, the effect of integra-
tion on the preclerkship curriculum, the heterogeneity of pharma-
cology assessment, and the debate about resources. Discussion
of these themes can help guide both pharmacology education ap-

proaches and future research.

4.1 | Theme 1: The value of dedicated
pharmacology educators

One of the findings in our analysis was the proportion of faculty
(6/7) who had appointments primarily as educators. In addition
to being pharmacology content experts, educators are versed in
pedagogy, and bring their knowledge of curriculum design, assess-
ment, and teaching techniques to develop effective strategies for
teaching.27 This is important to note, since studies have shown
that dedicated educators have engaged in practices that have
been shown to have a measurable effect size on learning, including
participation in professional development (d = 0.62), development
of practices for clear teaching (d = 0.75), and building relationships
with individual students (d = 0.72). Notably, teacher subject mat-
ter knowledge had significantly less of an effect (d = 0.09) on stu-
dent learning.?®

In all of our schools, students rated their perception of phar-
macology preparation for clinical clerkships as good to excellent,
with percentages well above the national average on the AAMC
Graduation Questionnaire (GQ, Table 1). The GQ data presented re-
flect years from 2018 to 2020 in which the curriculum survey data
described are applicable and available. We attribute this data, in
large part, to the commitment of our medical schools to employing
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basic science educators and giving them the protected time required
to engage in scholarly teaching.

Since there is an increasing trend to condense preclerkship cur-
riculum time to about 12-18 months, having designated founda-
tional science educators ensures that the pharmacology discipline
is not neglected within the curriculum, and that contact time with
students is used in the most effective manner based on scholarly
approaches to teaching. We have shown, using the ICAP framework,
that integrated pharmacology sessions are higher in interactive and
constructive pedagogies. While these pedagogies are more cogni-
tively engaging for the learner, they require a higher level of training
and faculty development to execute than less engaging pedagogies
like a didactic lecture. These professional skills are easily provided by
a dedicated pharmacology educator.

An important role of the pharmacology educator is identify-
ing areas where conventional pedagogical tools are not adequate
to effectively deliver material in the new curricular reality. There
is a need for more comparative curricular research, conducted by
pharmacology educators, on pharmacology integration into the pre-
clinical medical curriculum. We anticipate a need for centralized re-
positories like the AAMC Curricular Inventory (https://www.aamc.
org/data-reports/curriculum-reports/report/curriculum-reports) to
include data on teaching pedagogies, hours, and assessments at the
discipline level, where it is most useful for subject matter experts
who are doing the bulk of the pharmacology content creation, de-

sign, and teaching.

4.2 | Theme 2: The effect of integration on the
preclerkship curriculum

All schools in this study utilize active learning formats to supple-
ment/reduce the amount of didactic classroom time required in
the integrated curriculum (Table 1). From our discussions, it be-
came evident that changes in the format of foundational sciences
teaching are predominantly driven by changes in accreditation
requirements that require reduced contact time with learners
and more active learning methodologies. The shift to integrated
curricula has required both horizontal integration of pharmacol-
ogy with other foundational sciences, and vertical integration of
pharmacotherapeutics into clinical sciences during the clerkship
training years.

Reducing time for individual biomedical science disciplines has
both pros and cons. It favors collaboration and promotes integration
out of necessity. The creation of cases in collaboration with clinicians
ensures that relevant knowledge is presented; however, integrated
cases can also reduce the role of pharmacology down to a simple
drug choice without providing a thorough rationale for drug selec-
tion, potential adverse drug events, and discussion of appropriate
alternative therapies. In theory, this achieves the goal of curricular
integration (i.e., the development of knowledge that is relevant and
meaningful to clinical practice); however basic pharmacodynamic
and pharmacokinetic principles are often not revisited during the
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clerkship years. It would be ideal if the horizontal integration that
occurs by integrating basic pharmacology in the preclerkship cur-
riculum would extend with stronger vertical integration of clinical
pharmacology in the clerkship curriculum.

Time reduction in curriculum integration also forces pharma-
cology educators to make difficult decisions about selecting only
minimal content beyond that which is deemed essential on USMLE
Step 1, at the risk of losing the very structure of the discipline. In
addition, they must contend with a continuously shifting landscape
of drug approvals and withdrawals, student stress over cogni-
tive overload, and the ever-increasing amount of drug names and
classes. Presently, there is not a national consensus on how to make
these curricular decisions. While there are existing pharmacology
knowledge objectives with suggestions of drugs to cover from the
Association of Medical School Pharmacology Chairs, the time con-
straints of integrated curricula seldom allow for coverage of drugs
beyond the most frequently encountered and prototypical ones.
Thus, pharmacology educators are left making isolated choices re-
garding drugs to include for instruction and assessment. National
standards for pharmacology education in an integrated curriculum,
like those proposed for pathology, would be tremendously useful to
both educators and learners.?’

4.3 | Theme 3: Heterogeneity of
pharmacology assessment

Our monthly discussions revealed that we used some common
forms of summative assessments such as the NBME Comprehensive
Basic Science Exam (CBSE) as well as USMLE Step 1 data to assess
pharmacology-specific performance. All of our institutions had a
pass/fail grading system for preclerkship exams and the percentage
of pharmacology questions in foundational basic science courses
ranged from 0% to 25% (Table 1), while those in organ-systems
courses ranged from 8% to 25%. One of the topics that frequently
arose in our discussions regarding assessments was whether stu-
dents should be provided resources like drug lists during exams
so that they focus less on memorization and more on higher order
thinking according to Bloom's taxonomy (e.g., application and analy-
sis). A counter argument is that there are certain drugs that clini-
cal providers are expected to recall, and it is important for students
have this knowledge base prior to entering the clerkship curriculum.
Unfortunately, we could not arrive at a consensus on this topic, re-
flective of the larger debate on this issue and indicating the need for
more discussion from pharmacology educators at the international
level.

Another issue impacting assessment is the increasing use of
non-curricular third-party resources, which students often use to
direct and focus their study for assessment.%® As seen in Table 1,
most schools provide students with access to electronic texts via
subscription services. The non-curricular third-party resources that
students frequently use are either purchased by the school or by
individual students using discounts often provided to the school.
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It causes student angst when there are discrepancies between in-
ternal assessments and non-curricular third-party resources. One
avenue for intervention is to be more deliberate and effective in val-
idating internal assessments, correlating them with performance on
national board exams, and keeping students informed about these
relationships.®31~3% We anticipate that this tension will be resolved,
in part, due to the impending changes in both the USMLE Step 1 and
COMLEX grading to pass/fail.

4.4 | Theme 4: Debate about resources
A recent publication predicted that all students will use a common
online curriculum as we reimagine medical education.®* We do see
a trend where students in our programs use very similar resources
(e.g., First Aid, USMLE-Rx, Sketchy, Pathoma, UWorld) in preparation
for national board exams, regardless of whether the school provides
these or not. While these are valuable resources for board review, we
would like to point out that some of these are discipline-specific re-
sources lacking the integration and application that is the hallmark of
enhanced cognitive engagement according to the ICAP framework.
In addition, there is often significant heterogeneity in the quality and
focus of these resources. Too often, they focus on simple memori-
zation and they often lack the context that can be provided within
a structured curriculum. Therefore, these tools cannot replace the
institution-specific integrated sessions where learners can apply
multiple foundational sciences to a patient scenario in the presence
of faculty available for questions and elaboration. This focus on ap-
plication will become even more important in institutional settings
given the recent move of the USMLE Step 1 to a pass/fail system.
The extent to which a student's national board exam perfor-
mance is dependent on outside resources versus the institutions’
own curriculum is unknown. It behooves us to study this in more
detail as student utilization of outside resources increases. Also, the
COVID-19 pandemic caused a rapid shift to remote online teach-
ing, and the modalities used to deliver pharmacology may mark-
edly change in the coming years. The corresponding impact of the
COVID-19 pandemic on the utilization of outside resources also re-
mains to be elucidated. Thus, the impact and student perception re-
garding outside resources versus institutional curriculum on student
performance must be further investigated in the years ahead.

5 | CONCLUSIONS

Pharmacology, like many other foundational science disciplines, is
increasingly being taught not as a stand-alone course, but rather
as an integrated thread, focused on several core competencies.?’
Our data suggest that integration at the session level with multiple
foundational science disciplines can enhance cognitive engagement.
Thus, this approach has many merits, however, we believe it also has
the distinct disadvantage of fragmenting and diluting the flow and
structure of topics in pharmacology. Having a better understanding

of how to deliver topics most effectively in pharmacology to harmo-
nize with other foundational science disciplines and retain a coher-
ent structure and message is vitally important. Multi-institutional,
data-driven analysis of teaching techniques best suited for specific
pharmacology topics is needed. It is our hope that development of
such evidence-based practices or guidelines could help pharmacol-
ogy educators world-wide to improve students’ knowledge acquisi-
tion, retention, and application in the clinical setting.

Through our survey of the literature, and by comparing curric-
ula at our individual institutions, we have taken the initial step of
identifying emerging themes facing pharmacologists in the changing
medical school environment. While our institutions utilize different
approaches to teaching and assessing pharmacology, student ratings
of pharmacology preparation in the GQ are overall very positive, in-
dicating that one size does not fit all, and that institutional control of
pharmacology educational materials permits maximal flexibility and
integration for local learners according to the unique culture of each
institution.
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